mation i n equiatomic T i N i -a l l o y s were i n v e s t i g a t e d by e l e c t r o n microscopy.
On-quenching from h i g h temperatures (650°C<T) o r i e n t a t i o n v a r i a n t s and { I l l ] -t w i n s o f t h e monocl i n i c m a r t e n s i t e a r e formed w i t h a s t r u c t u r e o f rel a t i v e l y coarse a l t e r n a t i n g p l a t e l e t s . Low temperature anneal i n g (below 200°C) o r temperature c y c l i n g decreases t h e number o f v a r i a n t s , and produces i n t e n s i v e t w i n n i n g b o t h on t h e { I l l } -and (010)-martensite planes. During t h e reverse t r a n s f o r m a t i o n t h e i n t e r f a c e between t h e m a r t e n s i t e and h i g h temperature (82) phase i s c l o s e t o {I123 62. The f o l l o w i n g c h a r a c t e r i s t i c s a r e observed d u r i n g one complete temperature c y c l e i n t h e e l e c t r o n microscope. S t a r t i n p from t h e h i g h temperature phase a premartensi t i c rhombohedral phase
i s formed on c o o l i n q above Ms. f o l l o w e d by d i s l o c a t i o n rearrangements j u s t b e f o r e t h e martensi t e t r a n s f o r m a t i o n . The martensi t e forms i n a discontinuous manner, and every growth s t e p i s preceded by d i s l o c a t i o n rearrangements. The reverse t r a n s f o r m a t i o n r e s u l t s i n a t e t r a q o n a l phase behind t h e i n t e r f a c e and new d i s l o c a t i o n s a r e generated. The d e n s i t y o f d i s l o c a t i o n s i s i n c r e a s i n g w i t h each c y c l e . These d i s l o c a t i o n s a r e thought t o p l a y an important r o l e i n t h e f o r m a t i o n o f t h e thermo e l a s t i c martensite. F i n a l l y the b e s t r e v e r s i b i l it y o f t h e m a r t e n s i t e i s o b t a i n e d a f t e r several c y c l e s when a h i g h d e n s i t y o f d i s l o c a t i o n s i s obtained having Burqers v e c t o r s , which can be incorporated i n b o t h the m a r t e n s i t e and the h i g h temperature B2 phase. I n t r o d u c t i o n . -The m a r t e n s i t e t r a n s f o r m a t i o n i n T i N i has been discussed by many i nv e s t i g a t o r s i n the p a s t w i t h some c o n t r o v e r s i a l r e s u l t s (1) (2) (3) (4) (5) . The h i g h temperature phase i n near equiatomic T i N i a1 l o y s has the Cs-Cl ordered s t r u c t u r e (82). The c r y s t a l s t r u c t u r e w i t h a = 2,883 A, b = 4,623 A,c = 4,117 A and y = 96,8. The exact atom p o s i t i o n s i n t h e u n i t c e l l d e r i v e d from atomic s h u f f l e s assumed t o occur i n t h e transformation, however, a r e s t i 11 a m a t t e r o f controversy. The martensi t e i s g e n e r a l l y observed w i t h a m r p h o l o g y o f a l t e r n a t i n g p l a t e l e t s o f d i f f e r e n t o r i e nt a t i o n v a r i a n t s w i t h t w i n s on { I T l } planes (2). Other t w i n n i n g modes on { I l l } , (010) and o c c a s i o n a l l y { O l l } planes have a l s o been r e p o r t e d i n b u l k as w e l l as i n t h i n f o i 1 s (6,7). However, Knowles and Smith demonstrated t h a t (010)-twinni ng does n o t f u l l f i l l the requirements o f t h e 1.P.S.-theory.
The h a b i t plane has n o t been d e t e rmined e x a c t l y b u t i s found t o be near {I103 82. The p r e m a r t e n s i t i c e f f e c t s a r e revealed by X-ray and e l e c t r o n d i f f r a c t i o n as w e l l as by e l e c t r i c a l r e s i s t i v i t y measurements. S i n c l a i r and coworkers (8) concluded from e l e c t r o n d i f f r a c t i o n t h a t a t l e a s t f i v e l a t t i c e waves a r e r e l a t e d t o t h e m a r t e n s i t e t r a n s f o r m a t i o n whereas f o r two l a t t i c e waves no c o r r e l a t i o n c o u l d be found. L i n g and Kaplow (9) gave a d i f f e r e n t i n t e r p r e t a t i o n o f the p r e m a r t e n s i t i c e f f e c t s , based on X-ray d i f f r a c t ometry and r e s i s t i v i t y measurements. They assumed t h e formation o f a rhombohedral (R)-phase which can n o t be considered as premartensi t i c . The purpose o f t h i s paper i s t o c l a r i f y t h e r e l a t i o n between m i c r o s t r u c t u r a l changes d u r i n g c y c l i n g , the p r e m a r t e n s i t i c phenomena and t h e f i n a l m a r t e n s i t e as observed by i n s i t u experiments i n t h e e l e c t r o n microscope. 
mm) w i t h a diamond saw. T h i n n i n g f o r e l e c t r o n microscopy was c a r r i e d o u t i n a Tenupol t w i n j e t p o l i s h i n g machine a t 20 V o l t and -60% i n a 6 p c t . p e r c h l o r i c a c i d s o l u t i o n i n methanol. E l e c t r o n microscopy was c a r r i e d o u t w i t h a P h i l i p s EM 300 e l e x t r o n microscope w i t h a goniometer-stage i n a h e a t i n g and c o o l i n g h o l d e r . Dynamical o b s e r v a t i o n s were made w i t h a P h i l i p s "plumbicon" camera and a v i d e osystem.
Experimental r e s u l t s . -F i g . l a i l l u s t r a t e s t h e a l t e r n a t i n g morphology o f t h e as quenched monocl i n i c r m r t e n s i t e . Two v a r i a n t s a r e p r e s e n t w i t h a { 11 1) i n t e r f a c e p l a n e t o g e t h e r w i t h t w i n s on t h i s plane. F i g . l b shows (010) t w i n n i n g i n a s p e c imen prepared from b u l k . The occurence o f { I l l } t w i n n i n g simul t a n e o u s l y w i t h ( 0 1 0 ) -t w i n n i n g i s i l l u s t r a t e d i n t h e d i f f r a c t i o n p a t t e r n o f f i g . l c . T h i s t y p e o f t w i n n i n g i n c r e a s e s w i t h t h e number o f temperature c y c l e s a l t h o u g h i t was a l s o found i n specimens s l o w l y c o o l e d from t h e anneal i ng temperature.
The morphology o f t h i s t y p e o f m a r t e n s i t e has been p r e v i o u s l y d e s c r i b e d b y Z i j l s t r a e t . a l . (5) as "wavy m a r t e n s i t e " . 
M.P b. B r i g h t f i e l d image showing (O1O)M-twinning. D i f f r a c t i o n p a t t e r n i s o f t h e framed area. A l l o y MR n o t c y c l e d . c. D i f f r a c t i o n p a t t e r n showing ( 1 1 1 )~-and (O1O)M-twinning. A l l o y . 4. F i g . 2a. r e p r e s e n t s t h e i n t e r f a c e between t h e h i g h temperature phase and martensi t e d u r i n g r e v e r s e t r a n s f o r m a t i o n . The dense para1 l e l l i n e s -j n t h e 82 phase a r e t h e t r a c e s o f (011) planes whereas i n t h e m a r t e n s i t e t h e (111) i n t e r f a c e p l a n e o f t h e v a r i a n t s i s v i s i b l e . A t t h e i n t e r f a c e m i s f i t d i s l o c a t i o n s compensate t h e d i f f e r e n c e between t h e i n t e r p l a n a r spacings o f t h e ( 1 1 1 )~ and t h e (011) 82 planes. The d i s l oc a t i o n l i n e s a r e p a r a l l e l t o t h e [ 1111 B2 d i r e c t i o n s . They move i n t o t h e m a r t e n s i t e when t h e temperature i s r a i s e d and t h e m a r t e n s i t e s h r i n k s . The boundary i s however, pinnen when t h e temperature i s decreased. The d i f f r a c t i o n p a t t e r n o f t h e 82 phase i n d i c a t e s t h e presence o f a d d i t i o n a l s p o t s a t $ d i s t a n c e s o f t h e fundamental l a t t i c e r e f l e c t i o n s a l s o i d e n t i f i e d i n X-ray d i f f r a c t i o n p a t t e r n s up t o 180'~. They a r e a t t r i b u t e d t o a t e t r a g o n a l s t r u c t u r e due t o a d i s t o r t i o n o f t h e b.c.c. l a t t i c e .
When t h e temperature i s k e p t c o n s t a n t , r e f l e c t i o n s a t 1/3 d i s t a n c e s o f t h e fundamental r e f l e c t i o n s appear i n t h e p a t t e r n . These r e f l e c t i o n s a r e caused by areas a t a small d i s t a n c e from t h e i n t e r f a c e as i n d i c a t e d by t h e arrow. F i g . 2 b -i s a s t e r e o g r a p h i c r e p r e s e n t a t i o n o f f i g . 2a showing t h a t t h e i n t e r f a c e i s a (121) B2 plane. The same i n t e r f a c e i s a l s o found when a s i n g l e m a r t e n s i t e p l a t e was observed d u r i n g cool i n g .
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JOURNAt DE PHYSIQUE f i q . 2.a. B r i g h t f i e l d imaqe o f Martensite-B2 i n t e r f a c e . I n t e r f a c e d i s l o c a t i o n s p a r a l l e l t o [ 1111 B2 / / [ 110IM. T= 80°c.
b. D i f f r a c t i o n p a t t e r n s o f t h e m a r t e n s i t e and 82 phase. c. Stereoqraphic r e p r e s e n t a t i o n o f a and b. A l l o y 2. F i g . 3. i l l u s t r a t e s t h e e f f e c t o f c y c l i n g ( a l t h o u g h incomplete)
on t h e t r a n s f o rmation. The specimen p a r t i a l l y transformed t o wavy m a r t e n s i t e d u r i n q the f i r s t c y c l e i s shown i n F i g . 3a. and b. under d i f f e r e n t c o n t r a s t c o n d i t i o n s . Fig. 3c . and d. show t h e r e v e r s i b i l i t y o f wavy m a r t e n s i t e d u r i n a t h e second and t h i r d c y c l e . The o r i g i n a l boundary o f t h e m a r t e n s i t e w i t h t h e h i g h temperature phase i s c l e a r l y v i s i b l e a t 8 0 '~ and 9 0 '~ as shown i n F i q . 3e. and f. Regular a r r a y s o f d i s l o c a t i o n s generated d u r i n g r e v e r s e t r a n s f o r m a t i o n para1 l e l t o t h e o r i g i n a l { 110) planes a r e v i s i b l e i n Fig. 3 f . and q. whereas i n Fig. 3h . t h e t r a n s f o r m a t i o n t o a very f i n e s t r u c t u r a l wavy m a r t e n s i t e i s completed.
f i g . 3. a. P a r t i a l l y transformed on f i r s t c y c l e i n t h e microscope. b . T i l t e d f o r good v i s i b i l i t y o f t h e wavy m a r t e n s i t e . c. Second c y c l e T= 35OC. d. T h i r d c y c l e T= 3s°C. e. S l i g h t l y d i s p l a c e d r e l a t i v e t o d. f . O r i g i n a l martens i t e boundary a t 80°c. g. S l i g h t l y d i f f e r e n t area w i t h martensite-B2 i n t e rf a c e and d i s l o c a t i o n s t r u c t u r e a t T= 90°C. h. Same area as g. f u l l y t r a n sformed t o wavv m a r t e n s i t e T= 20'~. A1 l o v 3.
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Dynamical experiments i n a sequence s i m i l a r t o f i g . 3 showed t h a t t h e transformation s t r a i n s a r e v e r y small f o r t h e wavy m a r t e n s i t e c o n t r a r y t o t h e o b s e r v a t i o n s o f Otsuka e t . a l . (10) who were n o t a b l e t o photograph t h e t r a n s f o r m a t i o n i n t h e e l e c t r o n microscope. The m a r t e n s i t e behaved t r u l y t h e r m o e l a s t i c and showed a v e r y small h y s t e r e s i s (5 lo e s t i m a t e d d u r i n g o b s e r v a t i o n i n t h e e l e c t r o n microscope).
Some c h a r a c t e r i s t i c s o f t h e t r a n s f o r m a t i o n can be summarized as f o l l o w s : Precursory t o t h e m a r t e n s i t e f o r m a t i o n i s always t h e f o r m a t i o n o f t h e premartensit i c phase near Ms. l n s t a b i l i t y o f t h e s t r u c t u r e occurs, r e s u l t i n g i n unsharpness o f t h e image f o r no l o n g e r than one o r two seconds. I t occurs as an i n t e r m e d i a t e process between t h e p r e m a r t e n s i t i c phase and t h e subsequent wavy m a r t e n s i t e f o rmation and i s a t t r i b u t e d t o d i s l o c a t i o n rearrangements necessary t o accomplish t h e m a r t e n s i t i c t r a n s f o r m a t i o n . The t r a n s f o r m a t i o n t o r n a r t e n s i t e i s d i s c o n t i n u o u s and each s t e p i s preceeded by t h i s same i n s t a b i l i t y .
Discussion.-I n t h e p r e s e n t work, i t was found t h a t a change i n m a r t e n s i t e rnorphol o g y occurs d u r i n g temperature c y c l i n g . The p l a t e l i k e s t r u c t u r e o f o r i e n t a t i o n v a r i a n t s t o g e t h e r w i t h { l l l l -t w i n n i n g g r a d u a l l y changes t o wavy r n a r t e n s i t e cont a i n i n g f i n e I 1 111 and (010) t w i n s . The observed i n t e r f a c e between o r i e n t a t i o n v a r i a n t s and t h e 82 phase was I 2 1 1 ) B2 c o n t r a r y t o t h e q e n e r a l l y observed { I 1 0 1 82 type i n t e r f a c e . The reason f o r t h i s i s n o t y e t c l e a r . The f o r m a t i o n o f t h e wavy martensi t e a f t e r a few c y c l e s i s preceeded b y t h e f o r m a t i o n o f an i n c r e a s i n g amount o f a rhombohedra1 phase i d e
n t i c a l t o t h e R phase d e s c r i b e d by L i n g and Kaplov (9). The present r e s u l t s o f t h e i n s i t u experiments however, i n d i c a t e t h a t t h e R phase i s n o t a separate process b u t i s r e l a t e d t o t h e f o r m a t i o n o f t h e wavy martensi t e , a l s o d e s c r i b e d by Z i j l s t r a ( 5 )
. D u r i n g t h e r e v e r s e t r a n s f o r m a t i o n a t e t r a g o n a l l a t t i c e near t h e t r a n s f o r m a t i o n f r o n t i s formed which i s s t a b l e u p t o 180'~. Simul taneously a u n i f o r m d i s t r i b u t i o n o f d i s l o c a t i o n s occurs which i s thought t o p l a y an i m p o r t a n t r o l e i n m a i n t a i n i n g t h e t h e r m o e l a s t i c b e h a v i o u r o f t h e m a t e r i a l . T h i s i s supported by t h e f a c t t h a t anneal i n q a t 5 0 0~~ (where t h e d i sl o c a t i o n s w i l l n o t be recovered y e t ) r e s u l t s i n t h e best t h e r m o e l a s t i c behaviour.
The observed c o n t r a s t changes, a t t r i b u t e d t o rearrangement o f d i s l o c a t i o n s j u s t b e f o r e t h e f i n a l s t e p i n t h e t r a n s f o r m a t i o n takes p l a c e s t r e s s e s t h e n e c e s s i t y o f g l i s s i l e d i s l o c a t i o n s f o r t h e n u c l e a t i o n s and growth o f t h e m a r t e n s i t e .
